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ERWK FXVWRPHU SUHIHUHQFHV DQG GLVFUHSDQFLHV LQ SURGXFW XVDJH
7UDGLWLRQDOO\ WKH GHVLJQ VFKHPH LV WUDQVIRUPHG LQWR IX]]\
VHWWKHRU\ IRU GHFLVLRQPDNLQJ DQDO\VLV >@ 6XJJHVWHG E\ WKH
$[LRPDWLF'HVLJQ7KHRU\WKHUHDUHDYDULHW\RIGLIIHUHQWGHVLJQ
GHFLVLRQV ZKLFK VKRXOG EH FDWHJRUL]HG LQWR GLIIHUHQW GRPDLQV
)XUWKHUPRUH GHVLJQ GHFLVLRQV RI WKH VDPH NLQG VKRXOG EH
RUJDQL]HG LQWR D KLHUDUFK\ WR DFFRPPRGDWH WKHLU GLIIHUHQW
DEVWUDFWLRQ OHYHOV 'HVSLWH PDQ\ REYLRXV DGYDQWDJHV RI VXFK D
WZRGLPHQVLRQDOGHVLJQVWUXFWXUHLHGRPDLQDQGKLHUDUFK\WKH
GHVLJQ GHFLVLRQ PDNLQJ SURFHVV LQHYLWDEO\ EHFRPHV PRUH
FRPSOLFDWHG EHFDXVH GHVLJQ GHFLVLRQV DUH RIWHQWLPHV IX]]\ LQ




%\ XVLQJ D 0DUNRY PRGHO *LUDUG - HW DO SURSRVHG D VHW RI
RSWLPL]HG FRQWURO ORJLF ZKLFK FRQWUROV WKH URERW E\
PLPLFOHDUQLQJ >@ $OWKRXJK WKHVH PHWKRGV FDQ RQO\ VROYH
GHFLVLRQPDNLQJSUREOHPVZLWKLQDVLQJOHGRPDLQKRZHYHU'XH







E\ DQDO\]LQJ WKH PDWUL[ SULRULW\ >@ ,Q WKH URERW GHVLJQ ILHOG
:DOODFH HW DO VXFFHVVIXOO\ LPSURYHV WKH UHOLDELOLW\ RI WKH URERW
GHVLJQWKURXJKDQD[LRPDWLFGHVLJQPHWKRG>@
%DVHGRQWKHH[LVWLQJD[LRPDWLFGHVLJQWKHRU\UHODWHGZRUNV





WKHXQLYHUVLW\FDPSXVHQYLURQPHQW DVDQH[DPSOH WRSURYH WKH
HIIHFWLYHQHVVRIWKLVPHWKRG
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7KHRUHWLFDOIUDPHZRUN
'XULQJ WKH D[LRPDWLF GHVLJQ SURFHVV WKLV SDSHU HVWDEOLVKHG




IXQFWLRQGHVLJQ VFKHPHVDSSOLFDEOH WKURXJKRXW WKHSURFHVV7KH
GHFLVLRQPDNLQJDQDO\VLVZDV WKHQDSSOLHG WR VHOHFW WKHRSWLPDO
VFKHPHRIWKHWKUHHGLIIHUHQWGHVLJQV7KH0DUNRYPRGHOLVXVHG
WRSUHGLFWWKHFRVWWUDQVLWLRQPDWUL[RIWKHSURGXFWVFKHPHLQWKH
FRQFHSWXDO GHVLJQ VWDJH ,Q WKH SURGXFW GHVLJQ VWDJH WKH XWLOLW\
IXQFWLRQ LV XVHG WR GLVFRYHU WKH UHODWLRQVKLSV EHWZHHQ WKH ULVN
SURILWDQGFRVWRIDSURGXFW,QWKHWHFKQLFDOGHVLJQSURFHVVWKH
IX]]\ LQWXLWLRQ PHWKRG LV XVHG WR VHOHFW WKH RSWLPDO VFKHPH
DPRQJVHYHUDOGHVLJQVFKHPHV






RQH EHVW VXLWHG WR WKH RSHUDWLQJ HQYLURQPHQW 'XH WR WKH
VXEMHFWLYH LQIOXHQFH RI PDQ\ IDFWRUV DIWHU REWDLQLQJ VHYHUDO







3.1. Markov function analysis 
$FFRUGLQJ WR WKH LQGHSHQGHQFHD[LRP WKHPDWUL[RISURGXFW
GHVLJQ LV GHWHUPLQHG E\ WKH PDSSLQJ UHODWLRQVKLSV EHWZHHQ
IXQFWLRQDO UHTXLUHPHQW )5DQGGHVLJQSDUDPHWHUV '3GXULQJ
WKH FRQFHSWXDO GHVLJQ VWDJH >@ $ GHVLJQ PDWUL[ LV XVHG WR
UHSUHVHQWWKH)5'3UHODWLRQVKLSV
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,I PDWUL[ $ LV D SXUHO\ GLDJRQDO PDWUL[ WKH VFKHPH LV




WKH FRQGLWLRQV RI GLVFUHWHWLPH DQG ILQLWHVWDWH WKH ILUVW RUGHU




























$GGLQJ RU FKDQJLQJ D IXQFWLRQ RQ WKH URERWZLOO OHDG WR DQ
H[SHFWHGSURILWFKDQJH[ZKHUH 
[ ^[L[M[N`LMNࣅ&
7KH WUDQVLWLRQ SUREDELOLW\ PDWUL[ LV 3 $IWHU DQDO\]LQJ WKH
FRQFHSWXDO VFKHPH ZH FDQ REWDLQ WKH SDUDPHWHUV RI WKH EDVLF
IXQFWLRQDOV\VWHPFRVW WKHULVNRIFRVWIOXFWXDWLRQLQWKHFXUUHQW





















t '·PWࣅ&      
3.2. Dividing cost-utility stages 
%HFDXVH WKH 0DUNRY PRGHO FDQ RQO\ SUHGLFW WKH YDULDWLRQ
WHQGHQF\ RI WKH GHVLJQ FRVW IRU WKH QH[W VWDJHPRGXODU GHVLJQ
VKRXOG EH DGRSWHG WR UHDOL]H WKH EDVLF IXQFWLRQV IRU PRYLQJ
VWHHULQJDQGEHDULQJGXULQJWKHGHVLJQSURFHVV7KHVHIXQFWLRQV
DUH GHVLJQHG VR WKDW DOO IXQFWLRQV PHHW WKH UHTXLUHPHQWV RI
D[LRPDWLF GHVLJQ :KLOH PDNLQJ DQ D[LRPDWLF GHFLVLRQ WKH
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IROORZLQJWZRD[LRPVPXVWEHFRPSOLHGZLWK
$[LRP  7KH ,QGHSHQGHQFH $[LRP ZKLFK PDLQWDLQV WKH
LQGHSHQGHQFHRIIXQFWLRQDOUHTXLUHPHQWV
$[LRP  7KH ,QIRUPDWLRQ $[LRP ZKLFK PLQLPL]HV
LQIRUPDWLRQFRQWHQW
%DVHG RQ WKH DERYH LW LV IRXQG D UHODWLRQVKLS LQPDWUL[ $ 
P Q
7KH FRVW RI WKH PRYHPHQW V\VWHP LV GHWHUPLQHG E\ WKUHH
IDFWRUV 7KH WXUQLQJ UDGLXV WKH FRQWURO GLIILFXOW\ DQG WKH
KDUGZDUH VHOHFWLRQ 7KHVH WKUHH IDFWRUV VKRXOG DOO PHHW WKH






















      
8QGHUWKHULVNSUHIHUHQFHWKHRU\ZHKDYH
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ZKHQ [ȝ WKH VFKHPH LV D ULVNDYHUVLRQ W\SH $V WKH SURILW
LQFUHDVHVWKHULVNLQFUHDVHVFRUUHVSRQGLQJO\
 &RVWXWLOLW\ SUHIHUHQFH DQDO\VLV RI WKH VHFRQG JHQHUDWLRQ
URERW
4.1. “I moving” robot 
7DNLQJ WKH LQLWLDO GHVLJQ RI WKH OLEUDU\ URERW DW %HLMLQJ
8QLYHUVLW\RI&LYLO(QJLQHHULQJDQG$UFKLWHFWXUH%8&($DVDQ
H[DPSOH ZH GLVFXVVHG WKUHH NH\ IDFWRUV ZKLFK LQIOXHQFH WKH
PRYHPHQW V\VWHP WKURXJK WKH 0DUNRYXWLOLW\ IXQFWLRQ PRGHO
7KHFRVWLVPRVWO\UHODWHGWRWKHWXUQLQJUDGLXVFRQWUROGLIILFXOW\
DQGKDUGZDUHVHOHFWLRQ$VVXPLQJ WKDWDOO WKUHHGHVLJQVFKHPHV
DUH ILW IRU WKH OLEUDU\¶VRSHUDWLRQDOGHPDQGV WKHUHDUHVWLOORWKHU
IDFWRUVWKDWDIIHFWWKHGHVLJQVFKHPHVXFKDVFRPIRUWOHYHOVHUYLFH
WDUJHWDQGXVDJHFRVW 
3UHYLRXV VWXGLHV LQGLFDWHG WKDW WKH LQIOXHQFLQJ IDFWRUV RI WKH
URERW¶VSURGXFWLRQFRVW LQFOXGH WXUQLQJUDGLXVFRQWUROGLIILFXOW\







4.2. Cost-function parametric index of the robot 
)LJXUHVKRZVWKHDJHGLVWULEXWLRQRIOLEUDU\XVHUVLQ%8&($
$VLOOXVWUDWHGFROOHJHVWXGHQWVDUHWKHSULPDU\WDUJHWFXVWRPHUVRI
WKH OLEUDU\ URERW7KHUHIRUH GXULQJ WKH IX]]\ LQWXLWLRQ DQDO\VLV
ZH SUHIHUHQWLDOO\ VHOHFWHG WKH VFKHPH PRVW VXLWHG WR \RXQJ
SHRSOH






























7KXV ZLWKRXW DGGLQJ DGGLWLRQDO FRVW FKRRVLQJ WKH ULJKW
KDUGZDUH DQG WUXQFDWLQJ WKH WXUQLQJ UDGLXV FDQ IXUWKHU LPSURYH
WKHURERW
VSHUIRUPDQFH
7KH HVWLPDWHG SURILW RI WKLV ILUVW JHQHUDWLRQ HQJLQHHULQJ




%DVHG RQ 0DUNRY IXQFWLRQ FDOFXODWLRQV ZH IRXQG WKDW WKH
URERW¶VSHUIRUPDQFHFDQLPSURYHWKHFRVWGLVWULEXWLRQSUREDELOLW\
ZKHUHȝ >@7KURXJK(TDQG(TZH







GHVLJQ KDV D KLJK GHPDQG IRU KDUGZDUH VHOHFWLRQ DQG WXUQLQJ
UDGLXVGHPDQGVIRUFRQWUROSUHFLVLRQDQGDFFXUDF\DUHORZ8VLQJ
WKHXWLOLW\IXQFWLRQZHGLVFRYHUHGWKDWZKHQWKHWRWDOFRVWLV50%
 WKH0DUNRYXWLOLW\ IXQFWLRQ LV DW LWV EHVW GHFLVLRQ SRLQW
7KXVFRQWUROOLQJWKHFRVWRIWKHURERWDW50%DOORZVXVWR
REWDLQWKHPD[LPDOUHWXUQSUREDELOLW\7RVHFXUHDKLJKHUSURILWLW
VKRXOG FRQVLGHU QRW RQO\ WKH URERW¶V IXQFWLRQDO SDUDPHWHUV EXW
DOVR WKHDGDSWDELOLW\RI LWV DSSHDUDQFH LQD VHUYLFHJURXSXVLQJ
IX]]\LQWXLWLRQDQDO\VLV
4.3. Three design schemes 
7KHRSWLPL]HGFRVWZDVVXEGLYLGHGLQWRWKUHHSDUWVDQGWKUHH
VHWV RI PRYHPHQW V\VWHP VFKHPHV ZHUH GHVLJQHG DFFRUGLQJO\
7KHREMHFWLYHFDOFXODWLRQVKRZVWKDWLQDGGLWLRQWRWKHPRYHPHQW
GHPDQGVWKHGHVLJQHUVVKRXOGFRQVLGHUVXEMHFWLYHIDFWRUVOLNHWKH
URERW¶V DSSHDUDQFH VHUYLFH WDUJHW DQG XQLTXH HQYLURQPHQWDO
IDFWRUV DW%8&($7DEOH  VKRZV WKH WKUHH EDVLF OLEUDU\ URERW
VFKHPHV7KUHHVHWVRISURWRW\SHURERWVDUHVKRZQLQWKH)LJ
4.4. Expert valuation indicators of the fuzzy schemes 
7DEOHIDFLOLWDWHVDQDO\VLVWKHVFKHPHVWKURXJKWKHVXEMHFWLYH
HYDOXDWLRQRIWKHPRYHPHQWV\VWHPDSSHDUDQFHDQGVHUYLFHWDUJHW
+RZHYHU LW LV GLIILFXOW WR ILQG VXEMHFWLYH IDFWRUV UHODWLYH WR DQ
REMHFWLYHDQDO\VLVRIWKHVFKHPHVWKURXJKIDFWRUVVXFKDVUHVHDUFK
FRVWVHUYLFHOLIHDQGRSHUDWLYHGLIILFXOW\LQGH[)LJXUHVVKRZ
WKUHH VHWV RI VFKHPH HYDOXDWLRQV JLYHQ E\ WKUHH H[SHUWV ZKR










































 0RYHPHQW6\VWHP $SSHDUDQFH  7DUJHW8VHU
$ & & &
$ & & &
$ & & &


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7DEOH(YDOXDWLRQE\([SHUW'
 0RYHPHQW6\VWHP $SSHDUDQFH  7DUJHW8VHU
$ & & &
$ & & &
$ & & &
7DEOH(YDOXDWLRQE\([SHUW'
 0RYHPHQW6\VWHP $SSHDUDQFH  7DUJHW8VHU
$ & & &
$ & & &











 7UDYHO6\VWHP 6KDSH 6XLWDEOH&URZG
$ & & &
$ & & &
$ & & &

4.5. Analysis of the characteristic environmental suitability by 
using fuzzy intuition analysis method 







Ȝ Ȝ Ȝ 
:LWK WKH DERYH YDOXHV ZH REWDLQHG WKH FRPSOH[
PXOWLDWWULEXWH IX]]\ LQWXLWLRQ PDWUL[ VKRZQ LQ 7DEOH  7KH















$QGWKXVȦ Ȧ Ȧ  
$IWHUVHWWLQJWKHFRUUHVSRQGLQJJUH\FRUUHODWLRQFRHIILFLHQW
FRUUHVSRQGLQJ WR GLIIHUHQW DWWULEXWHV WKLV SDSHU REWDLQHG WKH
YDOXH GLIIHUHQFH EHWZHHQ WKH PLQLPXP DQG PD[LPXP 7KH
IX]]\LQWXLWLRQHQWURS\YDOXHVRIWKHWKUHHSURSHUWLHVLQ(T
DUH +  +  +  7KH ZHLJKWV RI WKH
FRUUHVSRQGLQJ DWWULEXWH HQWURS\ DUH Ȧ  Ȧ 














j 1                

7KURXJKWKHDERYHHTXDWLRQZHKDYH
Ȗ Ȗ Ȗ 
7KHUHIRUH XVLQJ WKH OLEUDU\ HQYLURQPHQW VKDSH LV PRUH
LPSRUWDQW WKDQ VXLWDEOH FURZGZKLOH VXLWDEOH FURZG LVPRUH
LPSRUWDQW WKDQ WUDYHO V\VWHP ,W LV DVVLJQHG GLIIHUHQW ZHLJKW
FRHIILFLHQWV WR GLIIHUHQW FKDUDFWHUV 7KH FRHIILFLHQW RI WUDYHO
V\VWHPLVRIVKDSHLVDQGRIVXLWDEOHFURZGLV
7KHUHVXOWVDUHVKRZQLQ7DEOH
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7DEOH*UH\FRUUHODWLRQFRHIILFLHQWRIHDFKDWWULEXWH
 & & & 0LQ 0D[
ɷ1     
ɷ2     
į     
ᇞPLQ     
ᇞPD[     
7DEOH  2YHUDOOPHULWRIWKHSURJUDPV
$ $ $
   
&RQFOXVLRQ
%\ XVLQJ WKH0DUNRY IXQFWLRQ LW LV IRXQG WKDW KDUGZDUH
VHOHFWLRQ DQG WXUQLQJ UDGLXV DUH WKH WZR GULYLQJ IRUFHV WKDW
DIIHFW WKH URERW¶V SHUIRUPDQFH %\ DQDO\]LQJ WKH XWLOLW\
IXQFWLRQV LWZDV FRQFOXGHG WKDW WKH ULVNRI LQFUHDVLQJFRVW LV
ORZ $ERYH DOO LW FDPH WR WKH FRQFOXVLRQ WKDW WKH
VHFRQGJHQHUDWLRQ URERW GHVLJQ ZLOO VDWLVI\ EDVLF GHPDQGV
ZKHQRSHUDWLQJLQWKHOLEUDU\HQYLURQPHQW,WLVDOVRIRXQGWKDW









RI %HLMLQJ (GXFDWLRQDO &RPPLWWHH 3URMHFW QXPEHU
.0 WKH ,PSRUWDWLRQ DQG 'HYHORSPHQW RI
+LJK&DOLEHU7DOHQWV3URMHFWRI%HLMLQJ0XQLFLSDO,QVWLWXWLRQV
&,7	7&' WKH %HLMLQJ 1DWXUDO 6FLHQFH
)XQG.= WKH 6PDOOPHGLXP &LW\ 6HWWOHPHQW
(QYLRUPHQW ,QGH[ 6\VWHP FV\ WKH 6FKRRO RI
0HFKDQLFDO(OHFWURQLF DQG 9HKLFOH (QJLQHHULQJ %HLMLQJ






>@ &HQJL] ' &HQJL] . 6HOFXN & $ QHZ PXOWLDWWULEXWH GHFLVLRQ PDNLQJ
PHWKRG KLHUDUFKLFDO IX]]\ D[LRPDWLF GHVLJQ ([SHUW 6\VWHPV ZLWK
$SSOLFDWLRQV
>@ +X 4< <XH :< 0DUNRY GHFLVLRQ SURFHVVHV ZLWK WKHLU DSSOLFDWLRQ
86$6SULQJHU6FLHQFH%XVLQHVV0HGLD
>@*LUDUG-(PDPL05&RQFXUUHQW0DUNRYGHFLVLRQSURFHVVHVIRUURERWWHDP
OHDUQLQJ (QJLQHHULQJ DSSOLFDWLRQV RI DUWLILFLDO LQWHOOLJHQFH ±

>@ $EEDV $( ,QYDULDQW PXOWLDWWULEXWH XWLOLW\ IXQFWLRQV 7KHRU\ DQG
'HFLVLRQ
>@$EEDV$(6XQ=*$XWLOLW\FRSXODDSSURDFK IRUSUHIHUHQFH IXQFWLRQV LQ
HQJLQHHULQJ GHVLJQ-RXUQDO RI 0HFKDQLFDO 'HVLJQ 7UDQVDFWLRQV RI WKH
$60($UWLFOH,'SDJHV
>@ +H 3 &ULPH SDWWHUQ GLVFRYHU\ DQG IX]]\ LQIRUPDWLRQ DQDO\VLV EDVHG RQ
RSWLPDO ,QWXLWLRQ GHFLVLRQPDNLQJ$GYDQFHV LQ 6RIW
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